INTRODUCTION:
Although MRI evidence of bone marrow edema (BME) in vertebrae adjacent to degenerative discs remains a common diagnostic finding in clinical scans performed on patients with back pain associated with degenerative disk disease (DDD) and early spondyloarthropathy (SA), our ability to interpret this information is limited by a lack of knowledge of its cellular nature and natural history. To address this, we have developed a mouse model utilizing chronically loaded tail vertebrae that closely resembles the radiology and histopathology of early vertebral degeneration in humans.
We hypothesize that these changes are caused by the conversion of marrow from a fatty "white" marrow to a hematopoietic "red" marrow including the infiltration of TNF-producing macrophages, which are recruited to the endosteal surface of the affected vertebral endplates. METHODS: Animals: Wild type C57bl/6 (WT) heterozygous TNF transgenic mice maintained in C57bl/6 background (TNF-Tg).
1 Surgery: Two .028" diameter titanium pins were implanted transcutaneously in the center of the 7 th and 10 th caudal vertebrae (Fig.  1A) . Aluminum rings were attached to the implanted pins, which allow for chronic loading via manual tightening of four screws around which calibrated springs were placed (Fig. 1B) . A load of 6X body weight was applied over an 8 week trial along with age matched unloaded controls. Mice were euthanized at eight weeks and the compressed vertebrae were harvested, fixed, and processed for histological investigation. Imaging: Mice were anesthetized prior to MRI scans with a mixture of ketamine 60mg/kg and xylazine 4mg/kg injected I.P. to ensure minimal motion during scans. All instrumentation was removed prior to CE-MRI. We used custom built a small animal RF surface coil placed about the tail (Fig. 1C ) that interface with a clinical 3 Tesla Siemens Trio MRI. A fat-suppressed, T1-weighted high-resolution scan was then performed as previously described. 2, 3 To assess changes in the marrow space due to bone marrow edema (BME) an indication of degeneration, Gd-DTPA contrast agent (Omniscan, Amersham Health, Oslo, Norway) is diluted in sterile saline at dosage 0.500 mL/kg and then injected via the retroorbital venous plexus. After 3 minutes to allow for Gd-DTPA to equilibrate with joint fluid, a second high-resolution scan is performed for CE-MRI (Fig. 1D) . Normalized marrow contrast enhancement (NMCE), was calculated by subtracting the signal intensity of the region of interest pre-contrast from the same ROI Post-contrast, and dividing by the same measurement made in muscle at the base of the tail. 2, 3 Histology: The vertebrae were fixed in 10% buffered formalin for 72 hrs and then decalcified in 14% EDTA at room temperature (pH adjusted to 7.2) for 21 days. The vertebrae were then carefully embedded in paraffin for sectioning into 3μm slices. Sections were then stained with orangeG/alcian blue for histological examination (Figure 3 ).
Immunohistochemistry was also performed to examine effect on osteoclast formation using tartrate-resistant acid phosphatase (TRAP).
RESULTS:
The results from uninstrumented tails revealed that the NMCE of WT vertebrae significantly decrease 3-fold (p<0.01) from 8 to 12 weeks of age. The NMCE of TNF-Tg vertebrae remained elevated throughout the 16 week study. A chronic compressive load of 6X body weight to WT tails significantly increased NMCE 2-fold (p<0.02) over that of unloaded-instrumented controls within 2-weeks. Histological examination confirmed degenerative changes of the discs and revealed that the load-induced NMCE corresponded to a significant increase in the amount of vascular sinus area (35± 3% vs. 19± 3%; p<0.01) and cellularity (4,235± 886 vs.1,468± 320 cells/mm 2 ; p<0.01) for the loaded vs. unloaded WT respectively. TRAP stained histology demonstrated slight increase osteoclastic resorption in the WT tails compared to the severe inflammatory-erosive arthritis observed in the TNF-Tg joints. Significant (p<0.05) decreases in cortical and trabecular bone volume in uninstrumented TNF-Tg vs. WT vertebrae was confirmed by Micro-CT.
Collectively, these data demonstrate that chronic load-induced DDD causes similar BME signals in vertebral endplates to that observed in ankylosing spondylitis (AS), and correlates with a conversion from yellow to red marrow, with increased vascularity. DISCUSSION: Similar bone marrow responses have been shown to be directly related to an inflammatory response mediated by TNF. Likewise TNF has been shown to play a role in adipose lysis and in proliferation and activation of TNF-producing macrophages. 4, 5 Off label use of anti-TNF therapy have shown some promise in treatment of debilitating chronic back pain. While the immune suppression of such treatments may offset the benefits of slowing degenerative changes, understanding the transduction pathway from mechanical stress to chronic degeneration may allow us to intervene at some less immune compromising point.
